The Stucky Ridge test plot is located approximately two miles northeast of Anaconda, Montana. Sparse vegetation includes quaking aspen, Wood's rose, currant species, rubber rabbitbrush, horsebrush, redtop and basin wildrye. In November 2002, 22 tons/acre lime kiln dust was disced to a 12" depth.
Introduction
Currently the commercial varieties (non-local origin) being utilized at the Anaconda Smelter National Priorities List (NPL) site include 'Pryor' slender wheatgrass, 'Sherman' big bluegrass, 'Sodar' streambank wheatgrass, 'Trailhead' basin wildrye, 'Secar' and 'Goldar' bluebunch wheatgrass, 'Rosana' western wheatgrass, 'Critana' thickspike wheatgrass and 'Appar' Lewis flax. Most of these varieties were developed for coal mineland reclamation in the saline, high pH soils found in eastern Montana and Wyoming. In this report, accessions originating from metalliferous soils are referred to as "local", whereas accessions originating from undisturbed soils are referred to as "non-local". The study's objective is to identify and develop metaltolerant plant varieties adapted to the edaphic conditions found at the Anaconda Smelter NPL site in western Montana (local origin) and other mine-affected areas with similar climatic and soil characteristics. The investigation is based on the premise germplasm, originating from low pH and metalliferous soils, will exhibit significantly better establishment, cover, and biomass production than commercial germplasm when grown in lime-amended metalliferous soils at the Anaconda Smelter NPL Site.
Methods and Materials Study Site
Located on Stucky Ridge, the study is approximately1.2 kilometers northeast of Anaconda, Montana, in Deer Lodge County. The legal description and geographic position of the study site are the SW 1/4 of the SW 1/4 of Section 30, Range 11 West, Township 5 North and North 4609'09"/ West 11254'30". The study plot occupies 0.6 hectares in subpolygon OWSR-013.09, which is part of the Stucky Ridge Remedial Design Unit #1 within the Anaconda Regional Water, Waste, and Soils Operable Unit.
Remedial Design Unit (RDU) #1 encompasses 97.9 hectares of the ~5261 hectares of upland terrestrial vegetation contaminated by emission fallout from the Washoe, as well as the Upper and Lower Works smelters. Concerns identified in the Stucky Ridge RDU include elevated arsenic concentrations in surface soils, barren or sparsely vegetated areas due to low pH and elevated contaminant concentrations, and steep slopes with high erosion potentials (ARCO 2002, May) (Table 1) . Current and historic use of the area primarily consists of agricultural grazing, recreation, and open space/wildlife habitat. The plot site is situated on a stream terrace above Lost Creek at an elevation of 1618 meters and covers most of the relatively flat ground on the east end of Stucky Ridge. Vegetation, although sparse, includes scattered groves of quaking aspen, shrublands dominated by Wood's rose, currant species, rubber rabbitbrush, and horsebrush; and grasslands dominated by redtop and basin wildrye. Annual precipitation at the site ranges from 25.4 to 35.6 centimeters with most of the precipitation occurring in the spring. The parent material is alluvium and the soil has a gravelly loam texture, which is well drained. Slope at the plot site averages approximately 5 to 10 percent.
Soil Treatment
The study plot site was ameliorated along with the rest of treatment area following the remedial actions specified in the Remedial Action Work Plan/Final Design Report (ARCO 2002, May) . A remedy identified for the treatment area was soil tilling to 30 centimeters with the addition of a neutralizing amendment to ameliorate the low pH soil conditions. Table 2 .
Post-Treatment Soil Sampling Methods
Soil sampling of the grass, forb/subshrub, and seed mixture trials was completed on June 24, 2003, after planting. The soil samples were analyzed for pH (1:1 saturated paste), and total As, Cd, Cu, Pb, and Zn by Energy Laboratories, Inc. in Billings, Montana. At the grass trial eight randomly selected treatment blocks in each replication were subsampled. The eight (0 to 15 cm) composite subsamples collected from a replication were combined and mixed to form one representative sample. Duplicate soil samples were taken in replication 1 and alternate soil samples were taken in replication 3. In the forb/subshrub trial, four (0 to 15 cm) subsamples were taken per replication to form one representative sample. Duplicate subsamples were taken in replications 1 and 3. In the mixture trial, two (0 to 15 cm) subsamples were taken per replication to form one representative sample. Duplicate subsamples were taken in replication 1
and alternate subsamples were taken in replication 3. The As and metal concentrations of the post-planting soil samples were generally moderate with the exception of Cu. Copper concentrations within the three trials averaged 832 mg/kg and ranged from 525 mg/kg to 1080 mg/kg. The average Cu concentrations in the grass, forb/subshrub, and seed mixture trials were 845 mg/kg, 877 mg/kg, and 774 mg/kg, respectively.
Post-planting soil sample pHs were all above neutral, averaging 7.8 and ranging from 7.2 to 8.2.
Planting Design
The study is arranged as three separate trials (grass, forb/subshrub, and seed mixture) each in a Randomized Complete Block Design replicated four times. The grass, forb/subshrub, and seed mixture trials are 0.39 hectare, 0.18 hectare, and 0.06 hectare, respectively, with a total plot size of 0.63 hectare. Between each replication, as well as between trials, a 2.4 meter strip of Elymus trachycaulus 'Pryor' was planted to minimize edge effect. The seed bed was prepared by DATC Project personnel on April 22, 2003, using a 1.5 meter box scraper to level the soil. Rocks, greater than 15 centimeters in diameter, within the plot boundary were hand-picked. After rock removal, another pass was made with the box scraper and spike-tooth harrow to till out tractor tire compressions.
On May 13, 2003, the seed treatments were planted using a 4-row Kincaid cone drill with 18 centimeter row spacing and a 1.2 centimeter planting depth. The seeding rate for the grass and forb/subshrub trials was 50 Pure Live Seeds (PLS) per 30.5 centimeters of row. The seeding rate for the seed mixture trial was based on a total seeding rate of 538 PLS/m 2 . Each component of the mix was calculated as a percentage of the m 2 rate.
The seed mixtures were formulated for two distinct applications on an upland area and a mine spoils waste area. An "Upland" blend was designed for sloping areas with generally low water infiltration and to provide wildlife habitat. The "Waste Management Area" (WMA) blend was designed to provide a vegetative cover for areas in which remedial options appear to be limited and their use for containment of large volumes of waste appears logical (EPA, 1995a). Each treatment block is 2.4 meters (eight rows) by 7.6 meters. In the grass and forb/subshrub trials, each treatment block was planted with a single accession. Two exceptions exist due to seed quantity restraints. In all replications of the grass trial, Pascopyrum smithii 9081968 was drilled in only six rows with Elymus trachycaulus 'Pryor' drilled into the remaining two rows.
In all replications of the forb/subshrub trial, Eriogonum ovalifolium 9082098 was drilled into only four rows with Elymus trachycaulus 'Pryor' drilled into the remaining four rows.
As mentioned above, Elymus trachycaulus 'Pryor' was drilled in the border strips and also broadcast in the unplanted area south of the forb/subshrub trial. Wooden stakes, spray painted orange and marked with an identification number, were installed in the northeast corner of each treatment block. Lastly, a single-strand, smooth wire fence was installed around the perimeter of the plot to designate plot boundaries and restrict vehicular trespass. In mid-July and again in (Marty 2000, July) and the Greenhouse Comparative Evaluation Planting study (Marty 2001, October) .
Each genus tested includes at least one accession originating from metalliferous soil sites in the proximity of the Anaconda Smelter NPL Site, except in one case. Neither of the two Krascheninnikovia lanata accessions originated from metalliferous soils. Seedling density was the growth response variable used to assess performance during the first growing season (2003) . Measurements were taken using a 30 x 50 cm quadrat frame randomly placed at five sample locations within each (2.4 x 7.6 meter) treatment block. The quadrat was situated with its long axis perpendicular to the seeded rows so that each sampling measurement included two rows. Seedlings rooted within the quadrat frame were counted.
Seeded seedlings, as well as non-seeded seedlings, were counted and recorded separately. -29, 2006 . During the early summer sampling, four randomly located frames (30 x 50 cm) were utilized, from which average plant height was measured, percentage stand cover was estimated, and ocular estimates of plant vigor were made. Random samples were located along rows 2-3 and 6-7 to avoid edge-effect error. In the fall the same random frame locations were used to estimate percentage stand cover, plant vigor, plant height (2005) and sample biomass production. If combined biomass samples from all four replications did not yield at least 10 grams of material, additional clipping was done so there would be enough biomass for tissue analysis. All biomass samples were oven dried at 60 0 C (140 0 F) for 24 hours, weighed, and later cut into small pieces and packaged in plastic zip-lock bags for delivery to Energy Laboratories, Inc. for tissue analysis.
Results and Discussion
Grass Trial (2003) The grand mean of seedling density data collected on June 24, 2003, in the grass trial was 58.1 seedlings/m 2 and ranged from 3.7 to 161.1 seedlings/m 2 (Table 9 ). Three accessions of Elymus trachycaulus ('Pryor', Copperhead, and 'San Luis') had the greatest seedling densities at 161.1, 151.7, and 146.7, respectively. These results are not surprising as Elymus trachycaulus is recognized for excellent seedling vigor and quick establishment and growth on a variety of soil types. Density data collected two months later on August 25, 2003, indicated these three E.
trachycaulus accessions had significantly greater densities than 86% of the accessions tested.
The locally collected E. trachycaulus Copperhead, however, did not perform significantly better than 'Pryor' or 'San Luis'.
Pascopyrum smithii ('Rosana' and 9081968) had 143.3 and 136.9 seedlings/m 2 , respectively, on June 24 (Table 9 ). P. smithii is an aggressively rhizomatous, long-lived grass known to be adapted to a wide range of soil types from acidic to basic. Seedling density data collected again on August 25 indicated the above P. smithii accessions, also had significantly greater densities than 86% of the accessions tested including P. smithii 'Rodan'. Seedling density data from the June evaluation indicated Leymus cinereus 9081624 had significantly greater density (121.1 seedlings/m 2 ) than 80.5% of the accessions including the four other Leymus cinereus accessions (Table 9) . However, by the August evaluation L. cinereus 9081624 was not significantly better than L. cinereus 'Trailhead' ( Table 9 ). The accession's success is somewhat unexpected due to the species' poor to fair seedling vigor and slow seedling establishment. The species has been reported to be tolerant of elevated arsenic and heavy metal concentrations (Munshower 1998, September) .
Pseudoroegneria spicata accessions ('Goldar' and 9081636) also performed in the top third of the field in June and August (Table 9 ). In August, both accessions mentioned above had significantly better seedling densities than >50% of the accessions. The local accession P.
spicata 9081636 did not perform significantly better than P. spicata 'Goldar'. P. spicata is reported to have fair seedling vigor and establishment with tolerances to acidic to slightly alkaline soils. (Table 10) , average plant height of 87.5 cm (Table 11) , and average biomass production of 8,211 kg/ha ( (Table 10) , average plant height of 78.6 cm (Table 11) , and average biomass production of 4,894.4 kg/ha ( The grass plots were evaluated and sampled on August 21 and 22, 2007. Six of the top 10 performers were still in the top 10 ranking. Copperhead slender wheatgrass outperformed all other slender wheatgrasses and was again the overall top performer. Opportunity Nevada bluegrass had the greatest stand cover average with 39.7% (Table 10 ). It leads all bluegrasses with an average plant height of 62.6 cm (Table 22 ) and is ranked twelfth overall when compared to all grass species (Table 11) . Opportunity Nevada bluegrass is ranked sixth in biomass production with an average of 1261.11 kg/ha (Table 13) 
Seed Mixture Trial
The forbs included in the seed mixtures did not emerge; therefore, densities reflect only emergent grass seedlings (Tables 5, 6, 7, and 8 plant material is being further increased for potential release to the commercial seed industry.
Worth noting was the performance of some of the released cultivars such as Pryor and Revenue slender wheatgrass, Rosana western wheatgrass, Rimrock Indian ricegrass, Trailhead basin wildrye, Secar Snake River wheatgrass, and Goldar bluebunch wheatgrass.
The forb/subshrub trial had poor emergence and consequently poor seedling densities with the exception of Open Range Germplasm winterfat. Low densities were most likely the result of the late spring planting that resulted in an insufficient period of cold-moist stratification. Two additional factors may have been sowing small-sized seed too deeply and heavy surface erosion on this portion of the trial site.
In the Seed Mixture Trials, the 'Experimental' mixes that contained native 'local source'
were far superior to the 'Developed' mixes that consisted of native 'nonlocal source' (Upland mix) and introduced cultivars (Waste Management Areas). However, it was estimated the majority of plants in the Experimental mixtures, both Upland and Waste Management Areas, were Copperhead slender wheatgrass, which was the best overall performer on this particular site.
The tissue analyses show the heavy metal concentrations in and on the plant tissue sampled from the Stucky Ridge plots were generally within the tolerable limits for both domestic livestock and wildlife.
The overall performance on the Stucky Ridge plots was quite variable, with strips running north and south having poorer plant vigor and biomass production. The Pryor slender wheatgrass strips, between replications (running east and west), exhibited waves of good and poor establishment and performance. Soil samples (0-15 cm) were taken under four plant stands of slender wheatgrass, ranging from excellent to very poor in stand cover, in hopes of explaining this variability. It was thought the incorporation of the amendments may have created strips with varying pH. Soil analysis for pH indicated no difference in pH (6.8 to 7.3 in 2003 and 6.2 to 8.3 in 2007) under the varying stands of slender wheatgrass. Therefore, the variability is still unexplained.
